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ABSTRACT 

We combine imaging data from the Advanced Camera for Surveys (ACS) with VLT/FORS optical 
spectroscopy to study the properties of star-forming galaxies in the z = 0.837 cluster CL0152-1357. 
We have morphological information for 24 star-forming cluster galaxies, which range in morphology 
from late-type and irregular to compact early-type galaxies. We find that while most star-forming 
galaxies have rg25 — ^775 colors bluer than 1.0, eight are in the red cluster sequence. Among the star- 
forming cluster population we find five compact early-type galaxies which have properties consistent 
with their identification as progenitors of dwarf elliptical galaxies. The spatial distribution of the 
star- forming cluster members is nonuniform. We find none within R ~ 500 Mpc of the cluster center, 
which is highly suggestive of an intracluster medium interaction. We derive star formation rates from 
[Oil] AA3727 line fluxes, and use these to compare the global star formation rate of CL0152-1357 to 
other clusters at low and intermediate redshifts. We find a tentative correlation between integrated 
star formation rates and Tx, in the sense that hotter clusters have lower integrated star formation 
rates. Additional data from clusters with low X-ray temperatures is needed to confirm this trend. We 
do not find a significant correlation with redshift, suggesting that evolution is either weak or absent 
between z = 0.2 - 0.8. 

Subject headings: galaxies: clusters: general, galaxies: clusters: individual (CL0152-1357), galaxies: 
evolution, galaxies: interactions, galaxies: high-redshift 



o 



X 



Technology, 14520 Akron Street, Brighton, 



1. INTRODUCTION 

Galaxy morphology is influenced by environment. 
This is illustrated at the most basic level by the dif- 
ference in the morphological mix of galaxies in high 
density galaxy clusters and low density groups, or the 
field. In the local universe, the highest density envi- 
ronments of massive cluster cores are composed almost 
exclusively of early-type galaxies, i.e. ellipticals and 
lenticulars (SOs), while in the field, gas- rich disks and 
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irregular galaxies dominate. In the lower density field 
and in low-mass groups, interactions and mergers are 
linked to enhanced star formation rates and starbursts 
iSchweizeill987tlSanders fc MirabeilQQfiH.Tohnson et alJ 
1 9991 IConselice. Fiersha,dv._fc CallagheH 



Barton. G eller. & Kenvon '2000'; Pustilnik et al.' '2OOU 
Homeier. Gallagher. & Pasquali 2002; Struck & Smity 



20f)3F . It might be expected that ram pressure from a 
dense intracluster medium (ICM ) compresses mo lecular 



clouds and triggers a starburst l|Bekki fc Couchi r20031 
Therefore, it is not intuitively clear if gas-rich galaxies 
infalling into high density clusters would have increased 
or decreased star formation rates relative to the field. In 
intermediate redshift cluster samples, the star formation 
rates of cluster galaxies are suppressed relative to the 
field, even w hen the differ ent morphological mix is ac- 
count ed for l|Balogh et aLl lToO?. 1998; Hashimoto et alJ 
119981) . While the star formation rates in clusters 
increase as a function of redshift, they are still lower 
than the star formation rates in the field population at 
that redshift. The mechanism by which star formation 
in cluster galaxies is suppressed is still unclear, but 
there is substantial evidence that supp ression, not 
enhan c ement, is the domina n t outcome llCouch et al 
l200l| lElIingson et all l200lt IPostman. Lubin. fc Okf 
l2f)0Tt lL^ 



^ 1200^ . 

Two of the most widely discussed mechanisms 
for star formation suppressi on are ram pressure 
stripping ijGunn fc GottI Il972t) , and a more gentle 
form of galaxy-ICM interaction termed 'starvation' 
ijLarson. Tinslev. fc Caldwelilll980() . Both of these mech- 
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anisms may operate with varying degrees of impor- 
tance, but stripping is expected to quench star formation 
rapidly (~ 50 Myr; e.g. Quihs, Moore, & Bower 2000), 
whereas starvation leads to a decline in the star forma- 
tion rate over a longer timescale (> 1 Gyr; e.g. Bekki, 
Couch, & Shioya 2002). The other mechanism of note 
is galaxy harassment, where galaxy-galaxy interactions 
combined with the tidal field of the cluster are expected 
to lead t o strong mass loss and a dra stic change in mor- 
phology ijMoore. Lake, fc KatllTool . 

In the Virgo cluster, ram pressure stripping is the 
leading explanation for the observation that gas-deficient 
dwarf galaxies a re found in regions of h igher X-ray sur- 
face brightness l)Lee. Richer, fc McCall 12000). Also in 
Virgo, there is direct evidence for ram pressure strip- 
ping of spiral galaxie s in the form of HI and Ha "bow- 
shock " morphology ijVollmer et al.l l2004t iKennev et al.l 
120041) . Further evidence for the importance of galaxy- 
ICM interactions comes from a study by Smith (2003), 
who found that the hot X-ray halos of cluster early-type 
galaxies are missing, showing that stripping of gas ha- 
los occurs in dense environments. Also, the existence of 
cluster passive spirals, galaxies with spiral structure but 
no detected star formation, can also be interpreted as 
evidence for ram pressure strippping fCoto et al.l |2003t 
lYamauchi fc Goto 2004; Kodama et al. 2004). How- 
ever, the importance of ram pressure stripping and star- 
vation on the morphology-density relation as a whole 
has yet to be determined. Due to degenerate outcomes 
in color-morphology space of vastly different formation 
scenarios, we must observe at higher redshifts to probe 
the dominant processes in producing the morphology- 
environment correlations seen in the present day uni- 
verse. 

CL0152-1357 {z = 0.837) was observed as part of an 
ongoing project with the Advanced Camera for Surveys 
(ACS) to obtain imaging of intermediate redshift cluster 
galaxies, with the goal of tracing the evolution of clus- 
ter galaxy properties. In this paper we combine mor- 
phological information from ACS imaging with ground- 
based spectroscopy to characterize the population of 
star-forming cluster galaxies, and to provide constraints 
on the mechanisms which influence the evolution of the 
star-forming population in clusters. 

We begin our investigation of how the properties of 
star-forming galaxies depend on environment in § 3 by 
establishing the morphologies, colors, and locations of 
our sample galaxies. In § 4 we calculate star formation 
rates for individual galaxies, and use these to derive an 
integrated star formation rate for the cluster. We com- 
pare this to other clusters at low to intermediate redshift 
in § 5, and explore relationships with redshift, Lx, and 
Tx- In § 6 we discuss the possibility that ram pressure 
stripping is responsible for extinguishing star formation 
in CL0152-1357, and in § 7 we discuss the likely fate of 
the star-forming galaxies. In § 8, we present our conclu- 
sions. 

We use r2„j ~ 0.3, Ha ~ 0.7, and Hq = 70 km s^-^. 

2. OBSERVATIONS AND REDUCTIONS 

CL0152 — 1357 was discovered in three cluster sur- 
veys: the Wide Angle i^O^^TPointed Survey (WARPS; 
Ebehng et al. 2000), the ROSAT Deep Cluster Sur- 
vey (RDCS, Rosati et al. 1998) and the Serendipitous 



High-redshift Archival ROSAT Clnstei Survey (SHARC; 
Romer et al. 2000). It is not dynamically relaxed, and 
contains two massive clusters in the process of merg- 
ing, both at redshi fts of z ^ 0.837 (Demarco 2003 
iDemarco et alJl2004^ . The mass within 1 Mp c is 4.9 ± 
0.4 X lO^^M© from a weak-lensing analysis ijJee et alJ 
120041) . There also appears to be structure in addition 
to the two massive components. An example of this is 
a group of red cluster sequence galaxies to the east of 
the northern component; this structure is also detected 
in the weak-lensing mass map as well as diffuse X-ray 
emission. 

CL0152-1357 was observed in the F625W, F775W, 
and F850LP ba ndpasses (hereaft er r625, «775, and zsso) 
with the ACS l)Ford et all 1200^ Wide Field Channel 
as part of the guaranteed time observation program 
(proposal 9290). The observations were taken in a 
2x2 mosaic pattern, with 2 orbits of integration in 
the rQ25, ^775, and zgso filters at each of the four point- 
ings. Due to the 1' of overlap between the pointings, 
the core of the cluster was imaged for a total of 8 or- 
bits in each fil ter. The data were pro cessed with the 
Apsis pipehne ijBlakeslee et al.ll2003albf ). Our photome- 
try is calibrated to the AB magnitude system using ze- 
ropoints of 25.90 ± 0.04 (r625), 25.66 ± 0.03 (^775), and 
24.86 ± 0.02 (^850) (Sirianni et al., in preparation). Ob- 
ject det ection and photometry was performed by SEx- 
tractor ijBertin fc Arnoutsll996j) incorporated within the 
A psis pipeline. A more detailed description can be found 
in 'Benfte z et al.l (|2004l ). We use isophotal magnitudes 
(MAGISO) for colors and total magnitudes (MAGA- 
UTO) from Sextractor (jBertin fc Arnoutslll996^) . 

The spectroscopic data were taken with the FORSl 
and F0RS2 instruments on the VLT, and are fully 
described in Demarco et al. The pixel scale ranges 
from 0.20 — 0.25" pixel"^, the spectral resolution from 
2.6 — 6.9 A pixel"^, the slit widths from 1 — 1.4", and 
the seeing was < 0.8" (Demarco et al. 2005). The wave- 
length coverage was 4000 - 10000 Aor 6000 - 10000 A. 
S/N ranged from less than 1 in cases where no contin- 
uum was detected, to ~ 50 at 4000 A rest-frame. Red- 
shift completeness fractions were determined by count- 
ing the number of galaxies in the field of view within 
the specified magnitude (color, morphology) limits com- 
pared to the fraction of those with redshifts. The sample 
of 100 field galaxies used in § 3.1 is from the spectroscopic 
sample of confirmed non-cluster members with redshifts 
and ACS coverage. This field sample covers the red- 
shift range 0.2 < z < 1.3. Galaxies for spectroscopic 
follow-up were selected as having photometric redshifts 
0.7 < Zphot < 0.9. The redshift selection was not uniform 
with color, but was biased towards red galaxies. There- 
fore, the completeness as a function of color, shown in 
Figure n varies by a factor of 2 for blue and red galaxies 
brighter than z = 23. 

3. RESULTS 

The spectroscopic sample contains 102 cluster mem- 
bers, 33 of which have emission lines indicative of star 
formation, and 2 are AGN. Emission lines were iden- 
tified by eye on the 2D spectral images. The weakest 
[OH] line identified is 12 A EW. Table [T] lists informa- 
tion for the star-forming galaxies (excluding AGN). We 
have morphological information for 24 of the star-forming 
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galaxies that overlap with our ACS field. Figure [21 shows 
?'625, *775, ^850 color cutouts of the star- forming cluster 
members. 

3.1. Morphology 

Morphologies were d etermined by visual cla ssifications 
on the T-type system (jde Vaucouleurs et al.l[l991) . All 
galaxies in the field with 1775 < 24 magnitude were clas- 
sified by MP (Postman et al., in preparation). 20% of 
the galaxies were also classified by MF, NC, and BH 
to estimate the classification errors. Unanimous or ma- 
jority agreement was achieved for 75% of objects with 
*775 < 23.5. There was no significant offset between the 
mean classification from the independent classifiers. 

Visual morphologies of the cluster members with ev- 
idence for ongoing star formation, indicated by the de- 
tection of [Oil] emission, fall into three categories: red 
cluster sequence spiral galaxies (Sa and earlier), com- 
pact (re < 3 kpc) early- type galaxies (T < 0), and 
irregular/late-type spiral galaxies ( T > 3) that are typ- 
ically expected to have star formation. Only one of the 
galaxies (2016) is highly disturbed, indicative of a major 
merger. 

In Figure|3|we present histograms of the visually classi- 
fied morphologies for galaxies with and without emission 
lines. For the cluster galaxies, we see a clear correlation 
of morphology with star formation, which is absent in 
the field sample. Also, the distribution of morphological 
types is different between cluster and field, with a signif- 
icant number of disky galaxies in the field sample, and 
early-type morphologies in the cluster sample. 

Five of the star-forming cluster members have early- 
type morphologies and compact appearances. We fit 
2D light profiles to the PSF-convolved zsso images using 
GALFIT ( Pen g et al.1l2002() . The results are shown in 
Table |5] We fit a single Sersic profile wh ere the surface 
brightness varies as r^/" (jSersic 1968 ; Ciotti fc BertinI 
IT999'). A profile with n = 4 is a de Vaucouleurs profile, 
and one with n — 1 describes an exponential disk. We 
find that these compact early-type cluster members have 
effective radii ranging from ~ 1 — 2.7 kpc. This is lower 
than the mean of 3.4 kpc from 53 early-type (T < 0) 
cluster member galaxies. Thus, we are able to confirm 
their visually compact appearance. The low measured 
n values for these compact early-type galaxies is consis- 
tent the trend of magnitude and surface brightness pro- 
file found for E and dE galaxies in the nearby Universe 
llCxraham & Cxu zman 20o|). 

None of the early-type galaxies with [Oil] is a luminous 
point source in the 37ks Chandra image. These galaxies 
have narrow [Oil] A3727 emission lines, and none has 
[Nelll] A3869; broad fines and [Nelll] A3869 are typical 
of active nuclei. For galaxy 1006=10871, we also detect 
[OIII] A5007 and H /9, and we can app ly a diagnostic cri- 
teria from Rola. Te rlevich. &: Terlevic h (1997). We find 
log([OIII]A5007/H/3)=0.3 and log([OII]A3727/H/3)=0.6, 
locating it within the HII galaxy regime, but in a region 
also populated by LINERs. Thus we cannot rule out 
an active nucleus origin for the [Oil] emission. This ap- 
plies to all galaxies in our sample, however, these com- 
pact early-type galaxies lack properties typical of star- 
forming galaxies, such as a patchy appearance (indicat- 
ing the presence of gas and dust). 



3.2. Colors of Star-forming Calaxies 

In Figure |31 we present a histogram of the rQ25 — «775 
values for cluster member galaxies with and without de- 
tected star formation. There is a strong segregation in 
the r625— «775 colors of star-forming and non-star- forming 
galaxies. While the star-forming galaxies range in color 
from blue to red, galaxies without detected star forma- 
tion are almost exclusively red. This leads to the con- 
clusion that with reliable photometric redshifts, a sim- 
ple color selection to separate the star-forming and pas- 
sive cluster populations is fairly robust (e.g. Gray et al. 
2004). However, such a selection is not well suited to 
study the overall properties of the star-forming cluster 
members; there is a small but significant fraction of red 
star- forming galaxies. 

3.2.1. Fraction of Star-forming Red Cluster Sequence 

Calaxies 

The red cluster sequence (RCS) is the prominent red 
ridge in color magnitude diagrams of large galaxy sam- 
ples. In low redshift clusters, it is composed exclusively 
of ellipticals and SOs. However in this galaxy sample 
we have RCS members with current star formation as 
indicated by the presenc e of [OH] emission, also noted 
in Dcmarc o et al.l l|2004D . To calculate the fraction of 
RCS galaxies with ongoing star formation, we need the 
completeness of our spectroscopic survey as a function 
of magnitude, and the magnitude distribution of the red 
cluster sequence (RCS) galaxies. The redshift complete- 
ness as a function of color is shown in Figure ^ Galaxy 
selection was biased towards red galaxies. After correct- 
ing for color, there was also a 5% bias towards early- 
type morphologies, but we will neglect this correction as 
it is much smaller than the color bias. 

To define the red cluster sequence we take all non- 
stellar objects with 0.8 < rQ25 — 1775 < 1-4 and 20 < 
1775 < 24. We iteratively fit a linear relation to this 
sample with 2.2cr clipping. The color-magnitude relation 
defining the red cluster sequence for CL0152-1357 is thus 

ir-i) = (-0.037 ± 0.006) x i + 1.900 ± 0.132 

The standard deviation about this relation is 0.07 mag- 
nitudes, and we define an object as an RCS member if 
its deviation is less than 2cr, or 0.15 magnitudes, from 
this relation. A more detailed explanation of the red 
cluster sequence will be presented in Blakeslee et al. (in 
preparation). 

The deviation in magnitudes from the RCS, A RCS, is 
given in column 8 of Table ??. There are 8 galaxies with 
colors placing them in the RCS. Of the RCS galaxies with 
spectra, how many show evidence for star formation? 
There are spectra for 73 RCS cluster member galaxies. 
Of these 73, 44 are brighter than 1775 = 22.5, and 6 of 
the 44 have evidence for star formation (~ 14%). If we 
choose a slightly fainter magnitude limit of 2775 = 23.0, 
then the number of RCS cluster member galaxies with 
spectra is 65, and 8 have detected [OH] (~ 12%). 

After correcting for color bias in the redshift incom- 
pleteness fractions, there is a slight bias against galaxies 
with late-type morphologies (T> 0). We conclude that 
the fraction of RCS galaxies with ongoing star formation 
in CL0152 - 1357 is > 0.15. We note that this is an 
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underestimate, because we have access only to [Oil] in 
emission as our star formation indicator. 

3.3. Segregation of Star-forming Galaxies 

In Figure we show the Chandra contour map with 
the positions of the cluster members indicated as solid 
dots, and the edges of the ACS mosaic as dotted lines. 
The star-forming galaxies are marked according to their 
morphology: triangles, squares, and diamonds represent 
compact galaxies, spirals/irregulars, and RCS spirals. A 
similar figure without the mo r pholog ical imformation can 
be found in iDemarco et al.1 l)2004|) . We find no star- 
forming galaxies within the main X-ray peaks, that is, 
within a contour value of 0.3 counts s~^. Consider- 
ing the area between the two main X-ray peaks as the 
center, there appears to be a sharp transition around 
R - 500 kpc {R - 300 - 400 kpc from the center of 
the southern cluster), within which we find almost no 
star-forming galaxies. We note that if the distribution of 
cluster galaxies is spherically symmetric, a few might be 
expected simply from projection effects. However, there 
are also few spectroscopically confirmed cluster members 
within ^ 500 kpc to the northwest and southeast of the 
northern cluster. Therefore, the radius at which this 
transition occurs is not well constrained by our obser- 
vations. 

4. STAR FORMATION RATES 

Star formation rates are derived from [O II] emission 
line luminosities. There are a few prescriptions for con- 
verting [Oil] line fluxes to star formation rates (Gal- 
lagher, Hunter, & Bushouse 1989, Kennicut 1992, Kew- 
ley, Geller, & Jansen 2004). We will use the prescription 
of Kewley et al. (2004), 

SFR^oii]{Mq vr-^) = 
(6.58 ± 1.65) X lQ-^'^L^oii]{ergs s'^) 

This relation was derived using the mean reddening 
corrected [OII]/Hq! ratio (1.2 ± 0.3) from the Nearby 
Field Galaxies Survey (Jansen et al. 2000). Systematic 
errors in [Oil] derived SFRs arise from metallicity and 
extinction effects. For field galaxies in the nearby Uni- 
verse, both of these quantities have been shown to cor- 
relate with _B-band luminosity (e.g. Jansen, Franx, & 
Fabricant 2001). Because we have no information about 
metallicity or dust extinction, and how these might scale 
with luminosity for our sample, we have not included 
these corrections. They should therefore be considered 
lower limits on the true SFRs. In the next section we 
assume an average internal extinction of 1 magnitude at 
Ha for comparison with other studies. We convert our 
line fluxes to luminosities by assuming all galaxies are at 
the cluster distance (z = 0.84). 

The emission-line fluxes were measured by fitting sin- 
gle Gaussian profiles interactively using SPLOT in IRAF. 
We fit several spectra on five separate occasions to esti- 
mate errors on our flux measurements due to continuum 
selection. For the highest line fluxes, the errors were 
< 5%, while for the lowest, errors approached 20%. Com- 
bining this error with the error on the SF prescription, 
errors on our SFRs range from 13 — 50%. A representa- 
tive L[OII] error of 10% resuhs in a SFR error of - 27%. 
EWs were also measured interactively with SPLOT in 



IRAF on background-subtracted but non-flux calibrated 
spectra. EWs were estimated as the mean of 5 separate 
measurements, and the quoted errors are the maximum 
deviation from the mean measurement. 

We can set a 2(t limit on the SFR for those galaxies 
where the [Oil] line was not detected. A typical [Oil] 
emission line width for the star-forming galaxies in our 
sample is 11 A. We set the 2a limit as twice the standard 
deviation in counts within ±2.5 x llA of the wavelength 
of the redshifted [Oil] . We then relate the mean counts to 
the mean flux to arrive at upper limits for SFRs. These 
are below 1.0 yr^^ for all galaxies (with two ex- 
ceptions). For comparison, the lowest measured SFR is 
0.12 M0 yr^^. This reflects the widely varying quality of 
the spectroscopic sample. The distribution of our SFR 
limits is shown in Figure |H1 

The smallest slit width for the spectroscopic observa- 
tions is 1". With the exception of 3 galaxies, the effec- 
tive radii of all identified star-forming cluster members 
are less than 1", and the seeing was < 0.8", so we do not 
apply an aperture correction. 

4.1. Integrated Star Formation Rate 

Due to the small number of galaxies in our sample and 
redshift completeness effects with color, we choose not to 
compute the fraction of SF galaxies with density or ra- 
dius as it is fraught with uncertainty due to selection ef- 
fects. To minimize d iscrepancies due to differences insur- 
vey characteristics, iFinn. Zaritskv. fc McCarthvl l)2004f l 
compared integrated SFRs, which are dominated by 
galaxies with the largest star formation rates. A compar- 
ison of integrated SFRs is more accurate than a fractional 
comparison. Here we compare the overall star-forming 
properties of CL0152-1357 to that of other clusters at low 
to intermediate redshift. The spatial limits of the lower 
redshift cluster studies determine a limit of 0.5i?2oo for 
comparison. i?200 is the radius where the mean cluster 
density is 200 times the critical density of the universe, 
Pc^ at that redshift. We write the expression for i?200 as 



R2m{kpc) 



Mr, 



11/3 



'4/37r200pc 

We take Md as the total projec ted mass within 1 Mpc: 
Mc/ = 4.92 ± 0.44 X lO^'' Mq (IJee et al.ll200l . For 
CL0152 at z = 0.84, E200 = 1192 kpc, or - 2.5'. 

In comparing our results we must include corrections 
for completeness and extinction. Also, because this is 
a merging cluster, it is not straightforward to choose a 
cluster center. We discuss these issues in the following 
sections. 

4.1.1. Incompleteness Correction 

Compared to an imaging survey, a spectroscopic sur- 
vey suffers significantly more from incompleteness. We 
will correct for this using the redshift completeness as 
a function of color and magnitude, but first we estimate 
the validity of our incompleteness correction by consider- 
ing the cluster CL0023, which has spectroscopic narrow- 
band imaging data. 70% of the star forming galaxies 
and 65% of the star formation was missed in the spec- 
troscopic s urvey versus the imaging survey co vering the 
same area fFinn. Zarits kv. fc McCart hy 2004). Correct- 
ing for this incompleteness should be the sa me as correct- 
ing for incompleteness in the redshift survey ijLubin et alJ 
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119981) . Of the 23 galaxies in the Finn et aL (2004) sam- 
ple with SFRs > 0.2 M0 yr~^ that are matched with 
spectroscopically confirmed cluster members in the Lu- 
bin et al. (1998) sample, 21 are brighter than R = 24.0. 
The cumulative completeness of the spectroscopic sur- 
vey is 0.187 ± 0.006 at i? = 24.0, and 0.240 ± 0.076 at 
R = 23.75. Therefore the incompleteness is 76 — 82%, in 
good agreement with the narrow-band imaging results. 
Thus, when we compute the normalized integrated star 
formation rate below, we correct for incompleteness using 
the redshift completeness function presented in Figure^] 

4.1.2. Extinction Correction 

For the galaxies where we detect [Oil] , our star forma- 
tion rates are underestimated due to redden ing. From 
the Nearby Galaxies Survey, iJansen et alJ (|2000) es- 
tablished that there is a luminosity-extinction relation, 
in the sense that more luminous galaxies have larger 
E{B — V). However, the scatter in this relation is large, 
and it is unclear if intermediate redshift cluster galaxies 
follow the same relation as the local star-forming popula- 
tion. Therefore, to correct for extinction, we follow con- 
vention and assume 1 magnitude of internal extinction 
at Ha, A6563 (e.g. Balogh & Morris 2000, Couch et al. 
2001; Balogh et al. 2002, Finn et al. 2003). This corre- 
sponds to ~ 1.8 magnitude s at A3727 using the Galac- 
tic extinction law of Cardell i. Clavton. fc Mathil l)1989j) . 
We thus correct our fluxes by a factor of 5.25. 

4.1.3. Integrated SFR for CL0152 

If we restrict ourselves to 0.5i?2O0> then the choice of 
a cluster center is an important one. The distribution 
of cluster galaxies and the X-ray emission are elongated. 
In the spectroscopic survey, more star-forming galaxies 
are detected at the southern end of the cluster. In fact, 
if we choose the center of the northern clump as i? = 0, 
then we have no star-forming galaxies within 0.5i?2O0- 
Our integrated SFR changes from 4.5 yr^^ with 5 
galaxies, to 5.3 yr~^ with 8 galaxies if i? is 
between the clumps or on the southern clump. If we 
were to take i?200 instead of 0.5i?2oO: the integrated SFR 
would not depend significantly on the choice of cluster 
center, changing at most from 19.1 to 19.9 M0 yr~^. 

We choose a point between the two massive clusters 
as the cluster center: 01:52:41.55, —13:57:56.7. Our 
observed, uncorrected integrated star formation rate is 
4.5 M0 yr~^. Next we correct this for incompleteness 
and extinction. Four of these galaxies have r — i < 1.0, 
are brighter than 1775 — 22.8, and have a mean SFR of 
1.1 Mq yr~^. We measure a cumulative completeness of 
0.17 for galaxies with 1775 < 23.0, and 0.23 for galaxies 
with 1775 < 22.5, so we will use a cumulative complete- 
ness of 0.20 for this sample. Then we should have roughly 
20 galaxies with a mean SFR of 0.9 M© yr^^. The fifth 
galaxy has r - i = 1.03 and SFR=0.2 Mg yr'^ The 
cumulative completeness for red galaxies is 0.53, and we 
do not apply a correction. Thus, the completeness cor- 
rected total SFR is 18.2 Mq yr"^ We then apply an 
extinction correction corresponding to 1.8 magnitudes of 
extinction at [OH]. We thus correct our total SFR by a 
factor of 5.25, for a total of 96 Mq yr~^. The error on 
this estimate is unlikely to be lower than 20%. 

5. A COMPARISON OF CLUSTER SFRS 



To investigate what dominates the star-forming prop- 
erties of cluster galaxies, evolution or cluster character- 
istics, in Figure|n|we plot integrated SFRs and the mass- 
normalized integrated SFRs versus redshift, Lx, and Tx- 
Cluster param eters are listed i n Table El 

Finn. Zaritskv. fc McCarthvl l|2004D plotted mass- 
normalized integrated cluster SFRs versus redshift and 
velocity dis persion, which was in tended as a proxy 
for mass. i Kodama et al. I l)2004f) added the cluster 
CL0024-I-17 at z = 0.395 to this plot. Here we add 
CL0152 at z = 0.837, and also plot the integrated SFR 
and the mass-normalized cluster SFR against two quan- 
tities that describe the state of the ICM: the X-ray lu- 
minosity and the X-ray gas temperature. 

We ta ke integrated star formation rates and error s from 
iFinn. Zaritskv. & McCa rthv (200"3) and iKodam a et al. I 
()2004|) . The integrated star formation rates for A1689, 
AC114, A2390 CL0 024, CL00 23, and CL0152 are 61±19 
lIRalogh et a]Jl2002r. 39 + 15 llCoiich et a,].ll200in. 96 + 
34 (iBalogh fc M orris'20001 . 253 ± 34 . ("Kodama et all 
I2004D . 78 ±7 (Finn. Zarit skv. fc McC arthv 2004), and 
96 ± 24 Mq yr~^, respectively. These numbers were 
derived from Ha spectroscopy for A1689 and AC114, 
and Ha narrow-band imaging for A2390, CL0024, 
and CL0023. Here we include an incompleteness cor- 
re ction of 2.5 for AC 114 from the values presented 
in IFinn. Zaritskv. fc McCarthvl l|2004D . and for A1689 
adopt the i ncompleteness and a s lit aperture correction 
of 2.8 from IKodama et al. I l)2004l) . Where errors on Lx 
are not listed, we assume a 10% error. 

In the right-hand panels, we divide the integrated 
SFRs by cluster mass in units of 10^^ Mq. We re- 
fer to these values as mass-normalized cluster SFRs. 
For CL0152, CL0024, and A C114 we use th e lens- 
ing masses of 4.9 x lO; ^" ^ Mq ()Jee et al.ll200^ . 5.7 x 
1014 IKneib et a,lJ l200l. and 7.3 x lO" Mq 

ijNataraian. Kneib. Smal l, fc Ellig Il998t) . For consis- 
tencv with IKodama et al. . (.20041) we u s e 8.1 x lO" Mq 
for A1689 (|Kh!g. Clowe, fc Schneided I200I bu t we 
note that recent work bv 'B roadhursTetarM^ and 
Zckser et al. (2005) indicate a value of 1.8 x 10^^ Mq. 
This also illustrates the typical uncertanties in mass esti- 
mates from lensing analy ses. For CL0023 we use the esti- 
mate of 2.3 X 10" Mq in IKodama et al. I l|2004D . Where 
errors on mass are not listed, we assume a 10% error. 

We find a possible inverse correlation of integrated SFR 
and Tx, but also note that the scatter is large. Using 
the non-parametric Spearman rank correlation test, we 
find a 70%, or la, inverse correlation between integrated 
SFR and Tx- However, this disappears when CL0024 is 
excluded. For the mass- normalized cluster SFR and Tx, 
it is more significant, 94%. The trend remains even when 
CL0024 is excluded. We find no significant correlation 
between either the integrated SFR and redshift or the 
mass- normalized integrated SFR and redshift. 

CL0024 has the highest integrated SFR of the clusters 
surveyed so far. It also has the lowest X-ray temperature 
and X-ray luminosity, but its weak-lensing mass (within 
M200) is similar to CL0152 (within 1 Mpc) and AC114, 
and it is at a similar redshift to AC114. Considering only 
these 3 clusters, it appears that it is the ICM that has 
the dominant effect on star formation in cluster galaxies. 
However, we caution that until more clusters with low 
Tx and Lx are observed, such a conclusion is tentative. 
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In fact, it may be that Tx is a more accurate measure of 
cluster mass than the values derived from lensing analy- 
ses, in which case the fundamental correlation is between 
cluster SFR and cluster mass, with either no or weak 
evolution between z — 0.2 — 0.8. One possible compli- 
cation is additional ICM heating from AGN, which may 

3/2 

introduce some scatter in the expected T (xVlcius cor- 
relation for a virialized system. There is some evidence 
for a signi ficant AGN population in the z = 0.83 cluster 
MS1054 (Jo hnson. Best, fc Almai^l200^ . and CLG152 
has two confirmed AG N associated with the southern 
clump fbem arco et al.l l2004'). 

Let us briefly review what is qualitatively expected 
from hierarchical models. Borgani et al. ( 2002) (see 
Fig. 6) predict a trend of a rising SFR with redshift un- 
til z ^ 2 — 3, and a decline thereafter. More massive 
halos have larger SFRs at high redshift which rise more 
slowly, peak at higher redshift, and decline more sharply. 
Around z ~ 2 the trend of SFR with halo mass has re- 
versed, with lower mass halos having higher SFRs. There 
is also a prediction of a larger spread of integrated clus- 
ter SFRs with decreasing redshift for clusters that differ 
in mass, but an overall trend of decreasing cluster SFR 
with redshift. We do not find evidence for this in our 
data. We note that if CL0024 is excluded, then there is 
a tentative correlation of mass-normalized cluster SFR 
with redshift, however, this arises because in this sam- 
ple more massive clusters are at lower redshift. Also, 
"normalizing" the model halos by mass exaggerates the 
differences in cluster SFRs at these redshifts, and would 
not give such a correlation. Testing such models must 
involve observations of many clusters at 2; = — 1 over a 
range of cluster masses to look for similarity at interme- 
diate redshifts and strong diversity at low redshifts. 

6. STAR FORMATION EXTINGUISHMENT MECHANISM 

The segregation of star-forming and passive galaxies in 
this cluster is striking. That no star-forming galaxies are 
found within the regions of high ICM density points to a 
galaxy/ICM interaction as the cause. There are two ma- 
jor contenders in the galaxy/ICM interaction category: 
ram pressure stripping and starvation. The two are dis- 
tinguished by the timescale over which they are expected 
to operate. Ram pressure stripping affects the entire gas 
supply of a galaxy, disk and halo, whereas starvation only 
concerns the more loosely bound halo of gas, commonly 
termed the 'reservoir', which if left undisturbed, will set- 
tle to the disk and participate in star formation. Ram 
pressure stripping is expected to occur on timcscalcs of 
a few tens of Myr, and s tarvation > 1 Gyr . 

For a comparison with lTreu et alJ l |2003fl . we estimate, 
using standard assumptions, the radius at which ram 
pressure stripping becomes important for a typical in- 
falling spiral galaxy into the southern cluster. We assume 
a smooth ICM and a density profile of the form 

P,as=Pox[l + (r/r,)2](-3/2)/3 

We use the virial radius r„ ~ 1.4 Mpc, the gas mass 
within the virial radius 4.5 x 10^^ Mq, the core radius, 
re=1 22t2o kpc, and (3 = 0.66 ± 0.08 (Maughan et al. 
12003(1 . to find po = 2 x IO^-^Mq Mpc^^. Following 



iFuiita fc Naeashimal l|1999() . we write the condition for 
ram pressure stripping as 

PgasV^ > 3.1 X lO^^M© fcm^ Mpc"^ 

, Vrot ■,2( Sgj 

where p is in Mq Mpc~^, v is in km s^^, and ran is in 
cm . 

With these parameters, the stripping radius for a Milky 
Way-type galaxy moving at a velocity of 1000 km s~^ 
relative to the ICM is ~ 0.3 Mpc. The closest pro- 
jected star-forming galaxies to the southern clusters are 
~ 0.3 — 0.4 Mpc. Although this is a crude estimate, the 
segregation of star-forming and non-star-forming galax- 
ies in CL0152 — 1357 is consistent with an ICM inter- 
action as the dominant mechanism. The crucial distin- 
guishing observation is the time for star formation to be 
extinguished, which we cannot make here. 

7. EVOLUTION OF STAR-FORMING GALAXIES IN CL0152 

Each of the red sequence spirals has evidence for a 
central stellar concentration above an exponential disk, 
which we will refer to as a bulge. This contrasts with the 
blue late- type star- forming galaxies, about half of which 
show no evidence for a bulge. Their red colors cannot 
be due solely to dust, as they appear smooth while the 
blue spirals have patchy appearances, a clear indication 
of a larger amount of dust extinction. The fact that these 
red spirals are in the red cluster sequence means that the 
bulk of their stellar population was formed at a similar 
redshift as the ellipticals that make up the majority of the 
RCS in this cluster. Given their red color, the presence 
of a bulge, and their relatively low star formation rates, 
it is probable that these red sequence spirals will become 
SOs. 

The compact early-type galaxies have rest-frame 
Mb values from —19 to —20.5. A minimum fading 
of —1.2 magnitudes from z — 0.84 to is expected 
assuming a single burst population with an age of 
3 Gyr at z = 0.84. Adding even a 1% burst with an 
age of 10 Myr increases the fading to —2.2 magni- 
tudes, and a burst of 10% to —4.1 magnitudes. We 
therefore expect these galaxies to fade to Ms = —19 
to —15. This is consistent with an identification as 
progenitors of dwarf ellipt ical galaxies that are populous 
in pr ese nt day clusters llConselice. Gallag her, fc Wvsfi 
20011: iGeha. Guhathakurta. fc van der M arcl 120031: 
Jerien. Binggeli. fc Barazzal 120041: iRakos fc Schombertl 

These compact early-type galaxies may also be related 
to "harassed" low surface brightn ess disk galaxies. The 
simulations of iMoore et alJ l|1999() explore the effects of 
galaxy harassment on high and low surface brightness 
(LSB) disk galaxies, and indicate that the outcome is 
significantly different for the two types of objects. LSB 
galaxies lose between 50 — 90% of their stars, and rem- 
nants are well-fitted by exponential disks with scale- 
lengths between 1.5 — 2.5 kpc, which is consistent with 
the scale-lengths of the compact early-type galaxies dis- 
covered in CL0152. To match the absolute B magnitudes 
of these compact galaxies, infalling field LSB disk galax- 
ies would have to have absolute B magnitudes of —21 to 
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—23 before the effects of harassment, assuming the young 
and old stellar populations are equally stripped. 

We also note a possible connection to the "missing" 
faint red galaxy population in th e luminosity functions 
of inte rmediate rcdshift clusters ("K odama et al. I |20n4t 
iL2QQh]- Perhaps the faint red population is 
= 0.8, and the descendants of these 



still forming at z 
star-forming compact galaxies will make up the missing 
faint red galaxies. 



8. CONCLUSIONS 

We have identified a population of star-forming 
.alaxies in the clust er CL0152-1357 at 2 = 0.837 
Demarco et al.l 120041) , and we investigate their mor- 
phologies, colors, and spatial distribution. We derive 
star-formation rates from [Oil] fluxes, and use these to 
compare the integrated SFR within 0.5i?2O0 with other 
clusters between z = 0.2 — 0.8. Our conclusions are as 
follows. 

• The 24 star-forming galaxies with ACS morpho- 
logical information range from compact early-types 
to spirals, with only one highly disturbed galaxy. 
The colors of the star-forming galaxies range from 
blue to red, and 8 out of 24 have rQ25 — 1775 col- 
ors placing them on the red cluster sequence. We 
find that the fraction of red cluster sequence galax- 
ies with [Oil] emission is likely to be > 0.15. Six 
of these galaxies have obvious spiral morphologies, 
and presuming an absence of major mergers, will 
most likely evolve into red sequence SOs. Thus, 
> 15% of red cluster sequence SOs in massive clus- 
ters at z=0 are still forming stars at a low level at 
z = 0.84. However, their overall red colors indi- 
cate that they formed most of their stars during 
the epoch of massive cluster ellipticals. 

• We find no massive early-type galaxies with [Oil] 
emission lines down to a 12 A observed limit, cor- 
responding to approximately 7 A rest-frame EW. 
All galaxies with [Oil] are spiral, irregular, or com- 
pact, low-to-intermediate mass early-type galaxies. 



These compact early-type galaxies have rest-frame 
B magnitudes of —19 to —20.5. Assuming a mod- 
erate amount of 1.5 — 4 magnitudes of B-band fad- 
ing, this overlaps with present-day dwarf elliptical 
magnitudes, and we identify them as possible dwarf 
elliptical progenitors. We also note that these may 
be the "missing" faint red g alaxy population in in- 
termediate redsh ift clusters ijKodama et al. ll2004l: 



• We find a paucity of star-forming galaxies within 
^ 500 kpc of the projected cluster center, and none 
within the main X-ray peaks. Using simple, stan- 
dard assumptions about the density profile of the 
ICM, this radius is consistent with the expected 
effect of ram pressure stripping. 

• We measure the integrated star formation rate 
within 0.5i?2oo for CL0152-1357, and find a value 
similar to that of the z = 0.8 cluster CL0023-f 0423, 
although these clusters differ by at a least a fac- 
tor of 2 in mass. We find an inverse correlation 
of the mass-normalized integrated star formation 
rate and Tx, and no trend with redshift. How- 
ever, a larger cluster sample is needed to reach a 
definitive conclusion, and additional data on clus- 
ters with low X-ray temperatures will be pivotal. 
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TABLE 1 

Properties of the Star-Forming Cluster Members 



ID 
VLT 


ID 

ACS 


z 


»'625 — '«775 

MAGISO 


«775 - 2850 

MAGISO 


^775 

MAGAUTO 


A RCS 

mag 


Flux[OII] 
erg cm~^ 


SFR 
Mq yr-i 


EW [Oil] (A) 

A 


1290 


8671 


0.8416 


0.715 ±0.011 


0.305 ± 0.010 


21.411 ± 0.008 


-0.49 


1.51E-16 


3.4 


-59.9 ± 6.0 


650 


3927 


0.8671 


0.839 ±0.013 


0.333 ± 0.011 


21.574 ± 0.009 


-0.36 


1.32E-16 


2.9 


-55.2 ±14.7 


125 




0.8376 










1.23E-16 


2.7 


-167 ±30 


144 




0.8442 










1.05E-16 


2.3 


-31.9 ±6.7 


1006 


10871 


0.8485 


0.440 ± 0.032 


0.186 ±0.038 


24.028 ± 0.026 


-0.66 


l.OlE-16 


2.2 


-579 ±422 


347 


1676 


0.8463 


0.897 ±0.014 


0.424 ±0.012 


22.725 ± 0.007 


-0.25 


9.24E-17 


2.0 


-64.8 ±13.1 


1530 




0.8367 










8.20E-17 


1.8 


-185 ± 28 


1146 


5111 


0.8641 


0.762 ±0.015 


0.289 ± 0.013 


23.016 ± 0.008 


-0.38 


7.09E-17 


1.6 


-67.7 ± 11.0 


306 


5481 


0.8539 


1.036 ±0.015 


0.634 ± 0.009 


22.019 ± 0.008 


-0.14 


6.55E-17 


1.4 


-51.9 ±35.0 


3014 




0.8474 










4.72E-17 


1.0 


-29.6 ± 8.9 


295 


1652 


0.8370 


0.803 ±0.012 


0.279 ± 0.011 


21.633 ± 0.009 


-0.39 


4.72E-17 


1.0 


-31.2 ±4.9 


327 


2016 


0.8247 


0.261 ±0.014 


0.120 ±0.017 


22.277 ±0.011 


-0.91 


4.24E-17 


0.9 


-273 ± 165 


161 




0.8447 










4.18E-17 


0.9 


-85.6 ±13.0 


1131 


5846 


0.8237 


0.403 ± 0.020 


0.342 ± 0.021 


23.842 ± 0.014 


-0.71 


3.72E-17 


0.8 


-646 ± 522 


868 


8708 


0.8297 


0.573 ±0.030 


0.263 ± 0.031 


23.444 ± 0.025 


-0.55 


3.09E-17 


0.7 


-89.1 ±40.6 


47 


2027 


0.8436 


0.884 ±0.019 


0.417 ±0.015 


22.134 ± 0.013 


-0.29 


2.71E-17 


0.6 


-17.2 ±10.3 


270 


1562 


0.8450 


0.984 ±0.019 


0.505 ± 0.013 


21.613 ± 0.014 


-0.21 


2.21E-17 


0.5 


-31.4 ± 4.8 


851 


5410 


0.8360 


1.022 ± 0.012 


0.485 ± 0.008 


21.592 ± 0.006 


—0.17 


"1 r\c> TT^ "1 ^ 

1.981i/-17 


0.4 


— 12.3 ± 6.2 


898 


10148 


U.ooUU 


0.711 ± 0.023 


0.296 ± 0.021 


22.774 ± 0.013 


—0.44 


1.71E-17 


0.4 


— zUo ± 1U7 


1532 


1146 


0.8413 


0.740 ± 0.024 


0.316 ± 0.022 


22.584 ± 0.017 


—0.42 


1.95E-17 


0.4 


— 19.5 lb 2.9 


377 


2597 


U.oo/y 


0.9/ 1 ± 0.022 


0.400 ± O.Oio 




—0.19 


1 aiTT' 1 T 


0.4 


—47.4 di 7.4 


IZooD 




U.o4oD 










i.OOHj-l 1 


U.vJ 


— IDU it oU 


1258 


7017 


0.8394 


1.136 ±0.010 


0.570 ± 0.008 


21.250 ±0.005 


-0.07 


1.50E-17 


0.3 


-13.4 ±2.2 


184 




0.8397 










1.36E-17 


0.3 


-73.8 ±25.0 


204 


3390 


0.8386 


1.247 ±0.016 


0.701 ± 0.008 


21.118 ± 0.008 


0.04 


1.15E-17 


0.3 


-20.7 ± 19.5 


248 


4076 


0.8472 


1.111 ±0.022 


0.733 ± 0.013 


22.479 ± 0.011 


-0.05 


1.47E-17 


0.3 


-30.9 ± 16.1 


551 


2235 


0.8362 


1.235 ±0.018 


0.604 ±0.010 


21.705 ± 0.009 


0.05 


1.45E-17 


0.3 


-10.6 ±5.0 


18 


717 


0.8248 


1.263 ±0.031 


0.597 ±0.017 


22.435 ± 0.016 


0.10 


8.63E-18 


0.2 


-94.6 ±58.1 


234 


1564 


0.8474 


0.784 ±0.024 


0.329 ± 0.021 


22.661 ± 0.017 


-0.37 


7.07E-18 


0.2 


-32 &+^'^'^ 


267 


1575 


0.8443 


1.057 ±0.039 


0.704 ± 0.023 


22.876 ± 0.024 


-0.09 


8.38E-18 


0.2 


-139 ± 126 


394 


1737 


0.8329 


1.029 ±0.023 


0.415 ± 0.016 


22.789 ± 0.014 


-0.12 


6.88E-18 


0.2 


-20.7 ±9.7 


3013 




0.8224 










5.50E-18 


0.1 


-27.0 ± 11.0 


26bi 




0.8372 

















Note. — Notes: Colors arc computed with MAGISO; total 2775 is MAGAUTO. A RCS is deviation in magnitudes of r — z from the 
red cluster sequence. Errors on FluxfOII] ranges from 5-20% from the highest to the lowest luminosities. Combining this with the error 
in the L[OII]-SFR relation (Kcwlev. Geller. & Jansen 2004), errors on SFRs range from ~ 13 — 50%. EWs are the mean of 5 interactive 
measurements in SPLOT. EW errors are taken as the largest deviation from the mean. EWs are observed EWs; to transform to rest-frame, 
divide by (1+z). 

^The blue wavelength coverage was not sufHcient to detect [Oil] A 3727; only [OIII] A 4959,5007 was detected. 
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TABLE 2 

Structural Parameters of Compact Early-type Star-forming Galaxies 



ACS ID 


rg, pixels 


re, kpc 


n 


Ttype 


4076 


7.1 


2.7 


4.7 


-4 


5111 


4.3 


1.7 


1.4 


-1 


10871 


3.8 


1.4 


0.8 





1676 


3.1 


1.2 


5.4 


-5 


5846 


2.8 


1.1 


1.8 


-1 
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TABLE 3 



Cluster 


Rcdshift 


lO^"* Mq 


Lx lO"*"* erg s"^ 


Tx (kcV) Rcf 


A1689 


0.183 


8.1 


55.73 ±8.92 


9.02t"„j 


1 


A2390 


0.228 


13.6 ± 0.7 


63.49 ± 14.87 


11.5 ± 1.5 


2 


AC114 
CL0024 


0.32 
0.395 


7 0+4.4 
'■•^-1.9 

5.7± 1.1 


38.10 
3.4 


»■ 'D_0.85 
A 47+0-83 


3 
4 


CL0152 


0.837 


4.9 ±0.4 


16.0 ±2.0 


7.7 ±2.0 


5 


CL0023 


0.845 


2.3 






6 



Ref e rences. — flllKing. CloweTT Schneider l200 a):IWu. Xue. & Fan3iT999l). f2 ) IAllen. Ettori. fc Fabi'ajiH200ll) . f3 ) IWu. Xue fc Panel 
llT99Hh: iNataraian. Kneib. Smail. fc EUia 11998.) f4 '.Kneib et al.l 120031): lOta et al.l 120041^. f 5 ^ IDemarco et al.l <2nMl : I.Tee et alJ I2004l" 
IMaughan et alj 120031) . Balestra et al.. in preparation. f6) IFinn. Zaritskv. fc McCarthy! 120041) : IKodama et al. 1 12001) 
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Fig. 1. — Cumulative redshift completeness for blue {r — i < 1.0) and red (r — i > 1.0) galaxies. 
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10148 1146 2597 1564 




4076 5111 5846 10871 

Fig. 2. — ACS ?'625i «775i zgso color cutouts of the spectroscopically confirmed star-forming cluster members. Top two rows: red cluster 
sequence members, middle three rows: spirals and irregulars, bottom row: compact early-type galaxies. Galaxy 1676 is a compact early-type, 
but also in the red sequence. ACS IDs corresponding to Tableware given below each cutout. Image sizes are 5" X 5". 
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Fig. 3. — The distribution of visually classified morphologies for galaxies with and without emission lines. There is a clear trend for 
cluster galaxies without [Oil] to have early-type morphologies, while the star-forming cluster galaxies range from early to late-type. This 
trend is absent in the field sample. 
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Fig. 4. — Histogram of rQ2S — 1775 values for cluster members with and without detected star formation. Some of the red galaxies have 
star formation, but the color distribution of passive galaxies is more peaked than for the star-forming galaxies. 
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Fig. 5. — Color magnitude diagram for galaxies in the C10152 field. Cluster member with star formation are marked with triangles, 
squares, and diamonds for compact early-type galaxies, blue spirals/irregulars, and RCS spirals, respectively. 
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Fig. 6. — An X-ray contour map from Chandra with the positions of the spectroscopically confirmed cluster members plotted as filled 
circles. X-ray contours are drawn at 0.3, 0.5, 0.7, 0.9, and 1.1 counts s^^. Star-forming cluster galaxies in the ACS sample are indicated 
as triangles, squares, and diamonds for compacts, spirals/ irregulars, and RCS spirals, respectively. There is a clear spatial segregation 
between the cluster members with star formation and those without. The center of the diagram is 01:52:42.26, -13:57:57.5 (J2000). 
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Fig. 7. — Examples of spectra. ACS ID is listed above each spectrum. 
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Fig. 8. — Histogram of the 2a limits on the star formation rates for galaxies without detected [Oil] emission. All are below 1 M© yr ^, 
with the exception of two galaxies. 
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Fig. 9. 
details. 



Integrated cluster SFRs and mass- normalized integrated cluster SFRs plotted against Lx, Tx, and redshift. See text for 



